The processing advantage for words in the right visual field (RVF) has often been assigned to parallel orthographic analysis by the left hemisphere and sequential by the right. The authors investigated this notion using the Reicher-Wheeler task to suppress influences of guesswork and an eye-tracker to ensure central fixation. RVF advantages obtained for all serial positions and identical U-shaped serial-position curves obtained for both visual fields (Experiments 1-4). These findings were not influenced by lexical constraint (Experiment 2) and were obtained with masked and nonmasked displays (Experiment 3). Moreover, words and nonwords produced similar serial-position effects in each field, but only RVF stimuli produced a word-nonword effect (Experiment 4). These findings support the notion that left-hemisphere function underlies the RVF advantage but not the notion that each hemisphere uses a different mode of orthographic analysis.
A considerable amount of evidence indicates that, for most people, language recognition is predominantly a function of neurological systems located in the left cerebral hemisphere. The evidence for this view came initially from studies of the consequences of traumatic and stroke-linked brain damage. However, over the last 40 years or so, numerous studies have been conducted to explore the implications of hemispheric differences in the processing of language by people with normal, intact brains.
One reason for this wealth of research is the anatomical arrangement of the human visual system. Nerve fibers carrying information about stimuli falling in the right visual hemifield (RVF) project to the visual cortex of the left cerebral hemisphere, whereas fibers carrying information about stimuli falling in the left visual hemifield (LVF) project to the visual cortex of the right cerebral hemisphere. Thus, provided a person's point of fixation can be 1 In this article, when we refer to stimuli presented to one hemisphere in a divided field task, we are identifying the hemisphere that received the stimulus initially (i.e., stimuli in the RVF were presented initially to the left hemisphere). We do not assume that only one hemisphere has access to this information, simply that the contralateral hemisphere receives the information before the ipsilateral hemisphere. Thus, participants should show a performance advantage if the hemisphere that processes the stimulus more effectively receives the stimulus initially. 2 When we hypothesize that a particular system is relatively more effective in one hemisphere, we are not making a strong claim about the extent to which that system is lateralized. For the moment, we leave open the question of whether one such system exists and operates in only one hemisphere, or whether two such systems exist, one in each hemisphere, but one of the two is more effective.
Persuasive arguments against the influence of overt bias have been provided by a number of researchers, often on the basis of the apparent informativeness of the beginnings and endings of words (e.g., Batt Hellige & Sergent, 1986 ). However, convincing arguments against the influence of covert bias are more difficult to formulate because research has yet to determine the precise contribution normally made by beginning letters to visual word recognition; not knowing which elements of words play a critical role in visual word recognition and how the visibility of beginning letters affects perception of these elements is a major obstacle. 3 Consequently, a crucial step toward assessing the relevance of the parallelsequential distinction between the processing abilities of the two hemispheres is to determine the RVF advantage for words under testing conditions that suppress effects of both types of bias.
One technique that satisfies these requirements is the two alternative forced-choice procedure originally developed to investigate the relative perceptibility of words, nonwords, and single letters under foveal viewing conditions (generally referred to as the Reicher-Wheeler task, after Reicher, 1969; Wheeler, 1970 ; see also Jordan, 1995; Jordan & Bevan, 1994 Jordan & de Bruijn, 1993; McClelland & Rumelhart, 1981 ; Paap, Newsome, McDonald, & Schvaneveldt, 1982) . Using this procedure, each presentation of a stimulus word is immediately followed by a forced choice between two alternative letters whose serial position and probability of occurrence cannot be predicted from any other letters in the stimulus display. For example, if the word work were presented, recognition of the final letter may be tested by asking 3 Logically (although, arguably, to a lesser degree), similar issues surround the RVF advantages found using Hebrew words that are read in right-to-left scripts (e.g., Babkoff & Faust, 1988 participants to choose between the letters k and d, where both letters are equally consistent with the remainder of the word, where work and word are equally likely to have been presented and where any serial position may be tested. Under these conditions, participants are prevented from using information from other letter positions to determine the identity of the (critical) letter required; accurate performance hinges on perception of the critical letter, which cannot be uniquely determined by any of the remaining letters in the stimulus or the forced-choice alternative. Moreover, the Reicher-Wheeler task appears to rule out influences of bias not just during the selection of an overt response but at any stage of processing (e.g., during early processing of feature information where covert bias may exist; see Bjork & Estes, 1973; Rumelhart & Siple, 1974; Thompson & Massaro, 1973) . If covert or overt bias were being used at any stage in the recognition of a word, performance should improve more for letters that are highly constrained by the remainder of the word (such as in the final position of four where only r and / are legitimate) than for letters that are not (such as in the final position of hear where at least five letters are legitimate). Johnston (1978) found no such trend using the Reicher-Wheeler task, indicating that the task is well suited to suppressing influences of both overt and covert bias. Thus, when applied to divided visual field presentations, the Reicher-Wheeler task offers an assessment of the perceptibility of words that is not contaminated by asymmetries in the perceptibility of partial word information.
Serial-Position Analyses
The perceptibility of letters in different serial positions in words provides a useful method of identifying differences in the way orthographic information is processed in each visual hemifield. In the simplest scenario, identical levels of performance across all serial positions for RVF stimuli would be consistent with parallel orthographic analysis, whereas a monotonic drop in performance from, say, first to last positions for LVF stimuli would be consistent with sequential analysis. However, it is so far unclear which letters of words are processed in parallel in the RVF and sequentially in the LVF. For example, the findings of lateralized wordlength experiments, which suggest the left-hemisphere processes orthographic information in parallel (e.g., Bruyer & Janlin, 1989; Bub & Lewine, 1988; Chiarello et al., 1995; Ellis et al., 1988; Eviatar & Zaidel, 1991; Iacoboni & Zaidel, 1996; Young & Ellis, 1985) , resemble the findings of several experiments using foveal (i.e., not lateral) displays (e.g., Eichelman, 1970; Fredriksen & Kroll, 1976; Terry, Samuels, & LaBerge, 1976) . At first sight, this may imply that orthographic analysis of foveal displays is also a parallel process. However, studies of serial position performance using foveal displays suggest that the actual nature of this parallel processing is far from straightforward. For example, using probedreport techniques that overcome report order bias and strings of unrelated letters (e.g., sgbhdpf) that minimize effects of orthographic structure, numerous studies have shown U-shaped (or suppressed W-shaped) serial-position curves in which the exterior letters of strings (i.e., s and j in sgbhdpf) are reported more accurately than letters in all other positions (e.g., Butler, Mewhort, & Tramer, 1987; Campbell & Mewhort, 1980; Merikle, 1974; Merikle & Coltheart, 1972; Merikle, Coltheart, & Lowe, 1971; Merikle & Glick, 1976; Mewhort & Campbell, 1978) . Moreover, in each of these studies, both exterior letters produced strikingly similar levels of report, contrasting sharply with the poorer performance observed for letters in all other positions. Similar findings have also been obtained in numerous studies using foveal words presented in the Reicher-Wheeler task (e.g., Carr, Lehmkuhle, Kottas, Astor-Stetson, & Arnold, 1976; Jordan & Bevan, 1996; Jordan, Smith, & Phillips, 1995; Prinzmetal, 1992; Prinzmetal & Silvers, 1994; Rumelhart & McClelland, 1982) . From the findings obtained with foveal displays, therefore, the notion that the absence of word-length effects for RVF words reflects mapping orthographic information onto lexical entries in parallel may be a rather gross interpretation of the word-recognition process available for RVF stimuli. Instead, from the patterns of serialposition performance observed with foveal displays, parallel processing of RVF words may be better described as processing orthographic information in parallel from exterior positions and before information from other positions. 4 Other research with foveal displays indicates that this outside-in pattern of serial-position performance reflects the actual impact of orthographic information on word recognition, rather than irrelevant spatial nonuniformity in letter perception. McCusker, Gough, and Bias (1981) primed the perception of four-letter words (e.g., trap) by briefly presenting both exterior letters (r p) or both interior letters (ra), in their appropriate positions, immediately before the whole word was shown. Over a series of experiments, McCusker et al. (1981) found that words were named more quickly when both exterior letters preceded each whole-word display. Comparable findings were reported by Humphreys, Evett, and Quinlan (1990) , who used a technique in which participants were presented with four brief consecutive visual fields on each trial; the first and fourth fields contained a pattern mask, and the second and third fields contained a prime and target string, respectively. Humphreys et al. (1990) found that the perception of word targets (e.g., TRAP) was facilitated more when primes and targets shared both exterior letters (tvup) than both interior letters (hrag). Indeed, the impact of exterior letters on word recognition is emphasized by the finding that the often reported superior perceptibility of letters in words over letters in isolation (the word-letter effect; Johnston & McClelland, 1980; Jordan & Bevan, 1994 Jordan & de Bruijn, 1993; Jordan et al., 1995; Massaro & Klitzke, 1979; Reicher, 1969; Wheeler, 1970) is observed even when pairs of letters from the exterior positions of four-letter words are pre-4 The precise determinants of serial-position curves in words are undoubtedly complex and varying. For example, serial-position effects are likely to be influenced by psychophysical (e.g., lateral inhibition), orthographic, and phonological properties of stimuli as well as by demands for one type of code or another to support performance on a particular task (e.g., Rumelhart & McClelland, 1982; d'Ydewalle & Auwers, 1994 ; see also Carr, Davidson, & Hawkins, 1978) . Indeed, some studies using foveal displays of words in the ReicherWheeler task report a slight decline in report across serial position from left-to-right (e.g., Chase & Tallal, 1990; Johnston & McClelland, 1980; Wheeler, 1970) . However, the perceptual bases of U-shaped serial-position curves (see Van der Heijden, 1987 , their special involvement in letter-string perception (Hammond, 1980; Hammond & Green, 1982; Mason, 1982; Mason & Katz, 1976 ) and the regularity with which they have been observed with words suggests that they have particular merit for understanding word recognition. sented alone (e.g., d k) and disappears when illegal exterior letter combinations (e.g., d q) are used (Jordan, 1990 (Jordan, , 1995 ; see also Jordan, Thomas, & Scott-Brown, 1999).
Taken together, the evidence suggests that outside-in patterns of serial-position performance observed with briefly presented words and nonwords reflect the order in which orthographic information is processed and impacts on word recognition. The implication for divided visual field studies of word recognition is that patterns of serial-position performance for LVF and RVF stimuli offer direct information about the mode of orthographic analysis (i.e., parallel or sequential) available for each visual hemifield. From the arguments presented earlier, the Reicher-Wheeler task is particularly appropriate for investigating serial-position performance in lateralized displays because it allows the relative perceptibility of individual letter positions within and between hemifields to be assessed without confounding influences of bias. Moreover, in view of the substantial evidence from studies using foveal displays that words are processed in an outside-in fashion, the extent to which this process is evident in the serial-position curves of each visual hemifield will provide further indications of the relative contributions made by the two hemispheres to word perception. Chiarello, 1988a) found that latencies for detecting one-letter differences between two, three-letter words presented one above the other were unaffected by the serial position of the differences when word pairs were presented in the RVF but increased linearly from Position 1 to 3 when word pairs were presented in the LVF, implying that letter perception occurs in parallel in the RVF and sequentially in the LVF. Bradshaw et al. (1977) presented sets of five, four-letter words that were either identical to a prespecified target or else differed from the target by just one letter in any of four possible serial positions (e.g., chip vs. chip, ship, clip, chap, or chin). Each word was presented in isolation, in either the LVF or RVF, although presentation of each stimulus set was blocked. Participants were required to decide as quickly as possible whether a stimulus word was the same as or different from the target. Same decisions were faster in the RVF. However, search latencies for detecting differences between targets and stimuli showed a skewed U-shaped function for each visual field: differences at Position 1 were detected fastest of all with changes at Position 4 detected faster than changes at Positions 2 or 3. Moreover, LVF and RVF latencies differed only at Positions 2 and 3, suggesting either that RVF advantages are restricted to certain positions within words or, more plausibly, that the search procedure was not appropriate for contrasting differences in perception across the two hemifields. Nevertheless, the U-shaped nature of the serial-position curve observed by Bradshaw et al. (1977) Forced-choice procedures other than the Reicher-Wheeler task have been used before in studies of lateralized word recognition but present problems of interpretation. However, these earlier studies enabled us to fine-tune the implementation of the ReicherWheeler task in our experiments. In the study by Bradshaw et al. (1977) reported earlier, sets of five, four-letter words (e.g., chip vs. chip, ship, clip, chap, or chin) produced faster latencies for stimuli in the RVF. However, this finding may reflect merely that participants were capable of learning each blocked stimulus set and were better at searching for distinguishing characteristics in RVF stimuli. A more appropriate procedure is to use a large number of unrelated words and to present forced-choice alternatives only after each word has been presented. In another study, Pirozzolo and Rayner (1977) found an RVF advantage when target presentations were followed by four alternatives that comprised the target (e.g., must) and words that differed from the target in various ways (dust, mark, dark). However, correct responses could always be determined by identifying just the first two letters of each target (in this example, mu ). Consequently, the RVF advantage observed may reflect merely a perceptual advantage for the beginnings of words in the RVF that were given artefactual importance by the testing procedure used. Our experiments included one more control rare in previous studies of hemispheric asymmetry. Accurate inferences about the processing of stimuli by the two cerebral hemispheres are more likely to be made if participants are fixating centrally so that stimuli presented to the left or right have the same, appropriate degree of retinal eccentricity. In particular, the anatomical arrangement of the retinae and visual system suggests that information falling within 0.5° of the midline of each retina will pass to both hemispheres Bunt, Minckler, & Johanson, 1977; Sugishita, Hamilton, Sakuma, & Hemmi, 1994 ; but see Brysbaert, 1994) . Furthermore, cone receptor density changes rapidly over the central 2°, falling approximately five-fold (0sterberg, 1935) , with inevitable consequences for visual acuity (Hilz & Cavonius, 1974) . Thus, even small shifts in fixation away from center may contaminate performance; stimuli may be presented to both hemispheres or may enjoy a perceptual advantage over stimuli presented in the opposite visual hemifield because of differences in retinal placement, compounding the problems associated with asymmetries in the perceptibility of partial word information we have already discussed (for further discussions of these problems, see Jordan, Patching, & Milner, 1998; Sugishita et al., 1994) . However, ensuring central fixation is a nontrivial task. For example, Jordan et al. (1998; see also Patching & Jordan, 1998) found that merely instructing participants to fixate centrally (the most popular procedure in laterality research) was inadequate; central fixations occurred on 23% of trials, and 12% were between 0.5° and 2° away from center and the majority of noncentral fixations (64%) fell to the right of center. Comparable findings have been obtained by Sugishita et al. (1994) using commissurotomized participants. The actual effects of noncentral fixations on overt performance have yet to be fully revealed and may be complex (see Jordan et al., 1998 , for discussions). However, and perhaps not surprisingly, Jordan et al. (1998; see also Patching & Jordan, 1998) concluded that fixation location in divided visual field studies can be adequately controlled only by the use of an eye-tracking device, and this is the procedure we adopted in the experiments reported in this article.
Experiment 1
Experiment 1 was conducted to determine the relative perceptibility of words presented in the RVF and LVF and, in particular, the patterns of serial-position performance produced, when the Reicher-Wheeler task is used with individuals with intact brains.
Method
Participants. Sixteen participants, 8 men and 8 women, took part in a 1-hr session, for which they were paid. All participants had normal vision, were native speakers of English, and were classified as right handed by self-report and a revised version of the 12-item Annett Handedness inventory (Annett, 1967) .
Stimuli. Following the approach taken by Reuter-Lorenz and Baynes (1992), stimuli were composed of high-frequency, backward-patternmasked four-letter words. Ninety-six matched pairs of four-letter words were selected as experimental stimuli, with a mean frequency of written occurrence of 233 per million (Carroll, Davies, & Richman, 1971) . The members of each pair differed by just one critical letter (e.g., snow, snow), with critical letters occurring equally often at each of the four serial positions across the word stimuli. An additional 96 matched pairs of four-letter words were constructed to provide 96 practice stimuli at the beginning of each session.
Each stimulus was followed by a pattern mask that permitted the use of high-contrast stimuli while maintaining performance at a meaningful level. For each trial, a different pattern mask was constructed from pseudorandomly arranged fragments of the stimulus font, with the built-in constraint that no letters were formed by these fragments (see Jordan, 1990 Jordan, , 1995 Jordan & Bevan, 1994 Jordan & de Bruijn, 1993) . A preliminary task showed that these masks rendered words undetectable when stimulus exposures were sufficiently brief.
Visual conditions. Words and masks were presented on a dark-grey oscilloscope screen. Background illumination of the oscilloscope screen was approximately 1 cd/m 2 and the luminance of word stimuli and masks was approximately 25 cd/m 2 . Words were presented in a lower case font in which four letters subtended a horizontal visual angle of approximately 1.10°. Each mask subtended a vertical visual angle of approximately 0.50° and a horizontal visual angle that exactly matched that of each word (as in the experiment of Reuter-Lorenz & Baynes, 1992) . Words and masks were presented so that the inner edge of stimuli presented in each visual hemifield was 2° from the central fixation point.
Design. Each participant saw 96 practice items followed by all 192 experimental items, shown once in each visual Held, with no obvious transition between practice and experimental sections. All stimuli were presented in pseudorandomly constructed cycles of 16 items, counterbalanced across visual hemifield and critical-letter position, with no obvious transition from one cycle to the next. The primary dependent variable was accuracy of report, although reaction times (RTs measured from target onset) for correct responses were also recorded for completeness.
Apparatus. The position of each eye was monitored using an infra-red ACS Applied Research Developments EM 130 eye monitor, which operates by emitting low levels of (invisible) infra red light into each eye and detecting changes in the angle at which this light is reflected. The monitor was clamped directly onto the head of each participant and had emitter and sensor heads that could be positioned a very short distance (10 mm) from participants' eyes. The head of each participant was clamped in a head brace throughout each experiment to prevent head movement. Pretesting showed that this combination of head clamping, eye-monitor clamping, and proximal emitters and sensors allowed accurate and consistent measurement of fixation location to within 7.5 min of arc. The output of the eye monitor was recorded through the ADC input of a Cambridge Research Systems D300 intelligent interface, which also controlled each visual display. Input conversion time was approximately 25 /xs.
Stimuli were plotted on a Hewlett Packard 1332A oscilloscope equipped with rapid decay P4 phosphor with a spot persistence time of 10 pis to 10%. The screen of the oscilloscope was completely covered with matte black card except for an area at its center measuring approximately 9° horizontally and 1° vertically. In addition, the oscilloscope had been modified to enable precise control over the visual angle of stimuli and to provide a higher resolution display (Jordan & Martin, 1987) . The experiment was conducted in a darkened booth, and participants entered their responses with two illuminated keys interfaced with the computer.
Calibration. The eye-tracking equipment was calibrated for each participant at the start of the session by presenting one small but clearly visible pixel at a series of unpredictable horizontal distances (up to 3°), left and right, from a central pixel (the central fixation point). Participants were instructed to fixate each noncentral pixel while the output from the eyetracking equipment was monitored and adjusted such that a change in eye position registered an equivalent change in the value returned from the eye-tracking device. This calibration procedure has considerable empirical support and is widely used in eye-movement research (e.g., Beauvillain & Beauvillain, 1995; Briihl & Inhoff, 1995; Eden, Stein, Wood, & Wood, 1994; Inhoff, 1989; Jones & Santi, 1978; Rayner & Inhoff, 1981) . Calibration continued until the numerical values returned from the eye-tracking device consistently showed the same values when participants fixated previously monitored locations. Calibration checks were made throughout the experiment and showed no deviation in monitor accuracy.
Procedure. At the beginning of their session, each participant was familiarized with all 26 letters of the character set used in the experiment. At the start of each trial, a small pulsating fixation point appeared at the center of the screen. To ensure that stimulus presentation occurred only when central fixations were stable, stimulus presentation was inhibited by testing the values returned from the eye tracker at 1-ms intervals to ensure they fell within the prespecified range (within 7.5 min of the fixation point) continuously for at least 1 s immediately before each stimulus was presented. When this criterion was satisfied, the fixation point stopped pulsating, and participants could initiate a trial by pressing either of the response keys. However, if the value from the eye-tracker fell outside the prespecified range at any point prior to the initiation of the stimulus, stimulus presentation was immediately inhibited until accurate fixation again occurred for at least 1 s (see , for further discussion of this procedure). In this way, a trial could not be initiated unless fixation was central. When participants initiated a trial, the fixation point was immediately replaced by the following display sequence: target, mask, 250 ms blank, forced-choice alternatives. Exposure durations for targets were determined individually for each participant; masks were presented for 50 ms. Pilot testing had shown that RTs (measured from target onset) were unaffected by the presence or absence of a 250-ms delay between mask offset and presentation of the forced-choice alternatives. Thus, a 250-ms blank was included to allow target processing before presentation of the alternatives. To present the forced-choice alternatives, four dashes were shown in the center of the screen, corresponding to the four letter positions in a four-letter word. At one of these dashes, two letters were shown, one above the dash and one below, randomly determined, and participants had to decide which of these two letters had been shown at the position indicated by the dash. For example, the target show was followed by the two alternative letters h and n, positioned above and below the second of the dashes. To make their choice, participants pressed one of two keys with the index finger of their right (preferred) hand to select either the upper or lower alternative.
5 Participants were encouraged to respond as accurately and as quickly as possible, although the emphasis was placed on accuracy because the primary goal of the experiment was to reveal the perceptibility of critical letters under data limited conditions. Throughout the practice and experimental sections, exposure durations were reassessed for each participant after each cycle of 16 trials. Exposure duration was increased (by 2 ms) if the number of correct responses in a particular cycle was below 11 (68.75%) and was decreased (by 2 ms) if the number of correct responses in a particular cycle was above 13 (81.25%). Within each cycle, all words were shown for the same exposure duration; when adjustments to exposure duration were made at the end of a cycle, the same adjustment was made for all critical letter positions in each visual field. This procedure ensured that overall performance fell in the midrange of the performance scale and that each Visual Hemifield x Critical-Letter Position condition was represented at the same exposure duration an equal number of times. Average exposure duration for words was 62 ms (range 45 to 84).
Results
The use of an eye-tracker ensured central fixation on 100% of trials. The accuracy data (see Figure la) were submitted to an analysis of variance (ANOVA) with one between-subjects factor (sex) and two within-subjects factors (visual hemifield [left, right] , and critical-letter position). The results were clear: mean percent correct performance was 65% for the LVF and 76% for the RVF; the 11% RVF advantage was highly significant, F(l, 14) = 22.36, p < .0001, and showed no sign of interacting with any other factor (ps > .30). In particular, although a main effect of critical letter position was observed, F(3, 42) = 30.97, p < .0001, this did not interact with visual hemifield, F(3, 42) = 1.46, p > .20. If perceptual asymmetry contributed to the RVF advantage observed in Experiment 1, the greatest RVF advantage may be expected for critical letters at the beginnings of words. However, the same (10%) RVF advantage was obtained for critical letters in first and last positions, and this did not differ significantly from the RVF advantage obtained for critical letters in middle positions (12% for Position 2; 11% for Position 3). Moreover, Newman-Keuls tests showed that whereas performance for Positions 1 and 4 was significantly better than performance for Positions 2 and 3 (all ps < 0.01) in each hemifield, no other comparisons between serial positions were significant. Indeed, although performance dropped slightly between Positions 1 and 4, this was the same for both hemifields. No other main effects or interactions were significant. The accuracy data were complemented by the RT data (see Figure lb) , although the pattern of effects for RTs was less emphatic (a common finding with brief, lateralized words; Zaidel, Clarke, & Suyenobu, 1990) . Mean RT was 962 ms for the LVF and 883 ms for the RVF, F(l, 14) = 10.32, p < .01, and did not interact with any other factor (Fs < 1). In particular, the main effect of critical letter position was significant, F(3, 42) = 6.11, p < .01, and did not interact with visual hemifield, F < 1. Newman-Keuls tests showed that RTs for Positions 1 and 4 were significantly shorter than for Positions 2 and 3 (all ps < 0.05). No other main effects or interactions were significant.
Discussion
The findings of Experiment 1 indicate that, even when using the Reicher-Wheeler task to suppress influences of bias derived from perceptual asymmetry, briefly presented words are processed more efficiently (as judged by accuracy and RT) when presented in the RVF. Moreover, this advantage was equal across all serial positions, underscoring the notion that words presented to the left hemisphere enjoyed a processing advantage independent of artefact inspired by their location relative to the point of fixation. Indeed, the essentially identical patterns of serial-position report observed across visual hemifield suggest that perceptual asymmetry played no part in performance.
The U-shaped pattern of serial-position performance observed with RVF stimuli resembles that previously reported by ReuterLorenz and Baynes (1992) using the Reicher-Wheeler task with a callosotomy patient, although the performance we obtained with normal observers was more marked in its advantage for exterior letters. However, we found no indication of the sequential left-toright serial-position performance reported by Reuter-Lorenz and Baynes for LVF stimuli. Indeed, serial-position performance in Experiment 1 was strikingly similar across the two visual hemifields. Although generalizing from a single case study requires caution, comparison between the findings of Reuter-Lorenz and Baynes (1992) and our own suggests that although callosotomized brains may produce sequential processing of LVF words when right-hemisphere processing is separated from left-hemisphere influence, normal intact brains use an outside-in process for words presented in either visual hemifield. To this extent, our findings show some similarity to those reported by Bradshaw et al. (1977) using a "difference detection" search paradigm, although the Reicher-Wheeler task used in our experiment revealed a symmetrical U-shaped serial-position curve and an RVF advantage across all letter positions, rather than skewed curves and RVF advantage for just medial positions observed in the search paradigm of Bradshaw et al. Indeed, the U-shaped serial-position curves observed in our experiment match closely those previously obtained using foveal word and nonword displays (e.g., Butler et al., 1987; Campbell & Mewhort, 1980; Carr et al., 1976; Jordan & Bevan, 1994; Jordan & de Bruijn, 1993; Jordan et al., 1995; Merikle, 1974; Merikle & Coltheart, 1972; Merikle et al., 1971; Merikle & Glick, 1976; Mewhort & Campbell, 1978; Prinzmetal, 1992; Prinzmetal & Silvers, 1994; Rumelhart & McClelland, 1982) . We return to these issues in the General Discussion.
Experiment 2
Our rationale for using the Reicher-Wheeler task is that the task suppresses influences of partial word information and draws on the findings of Johnston (1978) , which indicate that the task avoids the use of partial word information at any stage of processing, not merely during the selection of an overt response (i.e., overt and covert bias; see the introduction section). However, although Johnston's (1978) findings are encouraging, they refer specifically to performance with foveal words, and it remains to be seen whether performance with lateralized words is also free from the more subtle effects of partial word information addressed by Johnston's (1978) study (see also Bjork & Estes, 1973; Rumelhart & Siple, 1974; Thompson & Massaro, 1973) .
According to Johnston (1978) , critical-letter performance with foveal words may still be enhanced artefactually by the context provided by noncritical letters even though this context matches the identities of both forced-choice alternatives. For example, consider the presentation of the word raid and a subsequent forced-choice between d and n. Suppose that enough information has been extracted to specify the identity of all context letters but that only the upright feature has been extracted from the critical letter d. According to Johnston (1978) , information about letter features may decay very rapidly unless a more permanent letter code for the critical letter is established using contextual information from the remainder of the word. This more permanent code can then be used to enhance forced-choice performance. However, without contextual support, no letter code will be formed, and information about features of critical letters will decay and exert no influence on forced-choice performance. In our example, the contextual information from rai-, combined with the upright feature from the critical letter, rules out all letter codes except d and /, and either code may be used to make a forced-choice response. Moreover, even if the wrong letter code were formed, featural overlap with the critical letter may often produce a correct response. In our example, even the incorrect letter code (/) may produce a correct response when choosing between d and n because the correct alternative (d) provides the greatest featural overlap. Thus, although both alternatives in the Reicher-Wheeler task fit the context provided by the remainder of the word, this context may still artefactually enhance critical-letter identification.
At the heart of this revised theory of the role of partial word information in performance with lateralized displays is the prediction that report of a critical letter in a word depends on the pooling of information from the critical letter itself and information from the remaining (context) letters in the word. Thus, if the amount of information from the critical letter were held constant (by using the same letter in the same serial position), accuracy of report for this letter should depend on the amount of information about the identity of that letter provided by the remaining (context) letters in the word (see also Johnston, 1978) . In short, if performance in either visual hemifield reflects bias produced by word context at any level of processing, critical-letter report should be more accurate as the degree of constraint on the identity of the critical-letter increases. Moreover, if perceptual asymmetry makes context letters generally more perceptible in RVF words (e.g., because of enhanced processing of perceptual units produced by higher acuity beginning letters), effects of constraint may be more pronounced with RVF stimuli. To investigate these possibilities, and following Johnston's (1978) approach, Experiment 2 used a new set of word stimuli in which the same letters were used, in the same serial positions, in highly constraining and lowly constraining word contexts. For example, although the context letters rai-provide a considerable degree of lexical constraint for the identity of the critical letter (in this case, d), the context letters bea-provide less constraint because more letters fit this context. Of course, this more subtle effect of lexical constraint may not be the same on every trial for a variety of reasons. For example, on some trials (a) context letters may not be identified sufficiently to exert maximum constraint, particularly if they are the furthest away from the point of fixation; (b) no features may be extracted from the critical letter; (c) sufficient features may be extracted directly from the critical letter to specify its identity without the need for contextual assistance. Nevertheless, contextual constraint need affect critical-letter report on only a few trials to influence the pattern of serial-position performance and 11% RVF advantage observed in Experiment 1.
Experiment 2 addressed one other aspect of Experiment 1. Participants in Experiment 1 always responded using their right (preferred) hand. Thus, it remains a possibility that the RVF advantage observed in Experiment 1 was at least partially inspired by presenting stimuli in the RVF to the same cerebral hemisphere used to control the hand used for making each overt response. Consequently, effects of response hand were investigated in Experiment 2.
Method
Participants. Sixteen paid participants, 8 men and 8 women, from the same population as Experiment 1 took part in Experiment 2. All had normal vision, were native speakers of English, and were classified as right handed by self-report and by a revised version of the 12-item Annett Handedness inventory.
Stimuli Ninety-six matched pairs of four-letter words were selected from Johnston's (1978) stimulus set, with a mean frequency of written occurrence of 147 per million (Carroll et al., 1971 ). The members of each pair differed by just their critical letter, with critical letters occurring equally often at each of the four serial positions across the word stimuli. Experimental stimuli were divided into sets of four words by matching a pair of words for which the identity of the critical letter was only lowly constrained (e.g., date, gate, where the -ate context is compatible with ten letters in the critical position) to a pair of words for which the identity of the critical letter was highly constrained (e.g., drip, grip, where the -rip context is compatible with only three letters in the critical position). In each of these matched four-word sets, high-constraint words and low-constraint words always had the same critical letters in the same serial positions and were followed by the same forced-choice alternatives (in this case, d and g).
The 48, four-word sets used in the experiment were selected from Johnston's (1978) list to maximize die discrepancy in lexical constraint between high-constraint and low-constraint items. Twelve word sets were selected for each critical-letter position. Over the entire stimulus set, the mean number of words sharing the context letters of each word but containing different letters in each critical letter position was 8.S7 for low-constraint words and 2.38 for high-constraint words. For the majority of high-constraint words, the alternative letter presented for forced-choice testing after target presentation was the only letter (other than the critical letter presented in the target) that fitted the context provided by the rest of the target word. An additional 96 matched pairs of four-letter words provided % practice stimuli at the beginning of each session. effect of critical letter position was also significant, F(3, 36) = 5.17, p < .01, and did not interact with any other factor, all Fs < 1. Newman-Keuls tests showed that RT for Positions 1 and 4 were significantly shorter than for Positions 2 and 3 (all ps < 0.05). No other main effects or interactions were significant.
6

Discussion
Experiment 2 essentially replicated the findings of Experiment 1. In particular, a similar RVF advantage for words was observed across all serial positions irrespective of the constraint provided by noncritical letters. Indeed, the similar, U-shaped patterns of serial-position report observed across the two hemifields for high-and low-constraint words (see Figures 2 and 3) underscore the view that the RVF advantage observed with the ReicherWheeler task reflects a processing advantage produced by hemisphere functions of word recognition rather than influences of bias inspired by perceptual asymmetry. Moreover, and again replicating the findings of Experiment 1, whereas serial-position report for both hemifields showed some similarity to that observed by Reuter-Lorenz and Baynes (1992) for RVF stimuli but with a more marked advantage for exterior letters, we found no indication of the sequential left-to-right serial position performance reported by Reuter-Lorenz and Baynes for LVF stimuli. The indication remains that intact brains use the same mode of orthographic processing for words in both visual hemifields.
Experiment 3
In view of the importance of serial-position effects when contrasting the word-recognition abilities of the two cerebral hemispheres, Experiment 3 focused on the finding that, in each of the experiments reported so far in this article, stimuli in both visual hemifields exhibited the same pattern of serial-position report. Our specific interest was to determine that this pattern of serial-position performance, and its presence across both visual hemifields, was not generated merely by the use of pattern masks but reflected the operation of processes normally involved in visual word recognition. In line with general masking procedures (see Jordan & Bevan, 1994 Jordan & de Bruijn, 1993) , including that used by Reuter-Lorenz and Baynes (1992) , masks used in Experiments 1 and 2 matched the width of each string. However, although this ensured all letter positions were covered by the mask, letters in the exterior positions of strings were flanked by areas of mask on only one side, whereas letters in middle positions were flanked on both sides, which may have enhanced perception of exterior letters and inspired the serial-position curves we obtained. If so, this enhancement of exterior-letter perception may have obscured differences in serial-position report between the two visual hemifields that would otherwise have been observed. Findings with foveally presented words indicate that the presence or absence of pattern mask areas outside the left and right boundaries of letter strings has only a small effect on patterns of serialposition performance (Jordan, 1990 (Jordan, , 1995 Jordan & de Bruijn, 1993) , suggesting that the serial-position curves observed so far were not specific to masking displays. Nevertheless, in view of the importance of providing a clear view of serial-position effects for determining hemifield differences in word recognition, Experiment 3 investigated serial-position report using word targets presented in nonmasked displays.
Method
Participants. Sixteen paid participants, 8 men and 8 women, from the same population as Experiments 1 and 2 took part in Experiment 3. All participants had normal vision, were native speakers of English, and were classified as right handed by self-report and a revised version of the 12-item Annett Handedness inventory.
Stimuli. The four-letter word displays used in Experiment 1 were used in Experiment 3, except no masks were used. Average exposure duration for words was 21 ms (range 12 to 37). All remaining aspects of this experiment were identical to those of Experiment 2.
Results
The use of an eye-tracker ensured central fixation on 100% of trials. The accuracy data (see Figure 4a) were submitted to an ANOVA with two between-subjects factors (sex, response hand) and two within-subjects factors (visual hemifield [left, right] , and 6 The attentive reader might wonder if the apparent interaction between constraint and letter Positions 2 and 3 in the accuracy data would achieve significance if these positions alone were analyzed. This analysis for each hemifield revealed no significant interaction (both Fs < 1). critical-letter position). Mean percent correct performance overall was 72% for the LVF and 78% for the RVF; the 6% RVF advantage was significant, F(l, 12) = 26.12, p < .0001. A main effect of critical letter position, F(3, 36) = 42.43, p < .0001, was also found and did not interact with visual hemifield, F < 1. Newman-Keuls tests showed better performance for Positions 1 and 4 than for 2 and 3 (ps < .01). No other main effects or interactions were significant. These findings were complemented by the RT data (see Figure 4b) . Mean RT was 960 ms for the LVF and 895 ms for the RVF, F(l, 12) = 6.29, p < .05, and did not interact with any other factor, Fs < 1. Moreover, the main effect of critical letter position was significant, F(3, 36) = 8.03, p < .01, and did not interact with any other factor, Fs < 1. Newman-Keuls tests showed that RT for Positions 1 and 4 were significantly shorter than for Positions 2 and 3 (all ps < 0.05). No other main effects or interactions were significant.
Discussion
The findings obtained in Experiment 3 with nonmasked words replicated the findings obtained with pattern masked words in Experiments 1 and 2. Words produced not only greater report accuracy (and shorter response latencies) when presented in the RVF but also similar U-shaped serial-position curves in both visual hemifields. Thus, the RVF advantage and serial-position effects obtained so far with the Reicher-Wheeler task are not the product of pattern postmasking.
Experiment 4
Finally, we wished to know whether performance with words in each visual hemifield reflected processes available for any type of string (i.e., n on words). A number of studies using the ReicherWheeler task under foveal viewing conditions have shown superior report of letters in words over letters in illegal strings containing minimal orthographic structure (the word-nonword effect; e.g., McClelland & Rumelhart, 1981; Reicher, 1969; Rumelhart & McClelland, 1982; Wheeler, 1970) . Reuter-Lorenz and Baynes (1992) obtained comparable findings for lateralized words and nonwords with their callosotomy patient. Indeed, similar sized word-nonword effects were found for each visual hemifield (although the word-nonword effect produced by LVF stimuli was only marginally significant), implying that both hemispheres of their callosotomy patient contained processes that provided similar performance benefits for words over nonwords (although overall exposure durations had to be increased for LVF stimuli). However, evidence of a distinction between lateralized word and nonword performance in the Reicher-Wheeler task has yet to be established for individuals with intact brains.
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Contrasts between serial-position performance for words and nonwords may also throw yet more light on processing differences across the two hemifields. An extension to the notion (derived predominantly from word-length studies) that orthographic information in words is processed in parallel by the left hemisphere and sequentially by the right is that orthographic information in nonwords is processed sequentially by both hemispheres (e.g., Bruyer & Janlin, 1989; Bub & Lewine, 1988; Ellis et al., 1988; Young & Ellis, 1985) . Reuter-Lorenz and Baynes (1992) did not report data on this serial-position distinction between words and nonwords in their experiment, and the experiments reported so far in this article provide no support for a sequential left-to-right processing of words in either hemifield. Nevertheless, if lateralized nonwords do inspire sequential left-to-right processing in normal observers, performance with nonwords in the Reicher-Wheeler task should produce different patterns of serial-position performance to those obtained so far with words. The use of nonwords also permitted a further test for bias (overt or covert) in the Reicher-Wheeler task produced by perceptual asymmetry in lateralized displays. If bias is contributing to the patterns of serial-position performance observed so far with words, these patterns should differ for nonwords in which the potential for bias to enhance performance is drastically reduced because of disruption of orthographic structure. Indeed, serial-position curves produced by nonwords in the Reicher-Wheeler task should provide a relatively pure indication of influences of perceptual asymmetry on performance, should these influences exist. These possibilities were investigated in Experiment 4.
7 Superior performance with words over nonwords for RVF but not LVF stimuli has been reported previously (Besner, 1983; Besner, Davelaar, Alcott, & Parry, 1983; Krueger, 1975) . However, these findings were obtained without using the stringent testing procedure offered by the Reicher-Wheeler task, or an eye-tracker to ensure central fixations.
Method
Participants. Twenty-four paid participants, 12 men and 12 women, from the same population as Experiments 1-3 took part in Experiment 4. All participants had normal vision, were native speakers of English, and were classified as right handed by self-report and a revised version of the 12-item Annett Handedness inventory.
Stimuli. The 96 matched pairs of four-letter words used in Experiment 1 were used in Experiment 4. Matched nonword stimuli were constructed for each pair by rearranging the three noncritical letters in each word to form unpronounceable nonwords with minimal orthographic structure but which shared the same critical letter in the same serial position (e.g., the words stow and snow formed the nonwords ohsw and onsw, respectively). An additional 48 matched pairs of four-letter words and nonwords were constructed to provide 96 practice stimuli at the beginning of each session. Previous research suggests that sensitivity to wordnonword effects is greater when pattern postmasked displays are used (see McClelland & Rumelhart, 1981) . Thus, to provide the greatest opportunity for word-nonword effects in either visual hemifield, pattern postmasked displays were used.
Design. Participants took part in two 1-hr sessions, one on each of 2 days. Stimuli were presented in pseudorandomly constructed cycles of 16 items, counterbalanced across visual hemifield, stimulus type (word, nonword), and critical-letter position, with no obvious transition from one cycle to the next. Average exposure duration for words and nonwords was 71 ms (range 59 to 98). All remaining aspects of this experiment were identical to those of Experiment 3.
Results
The use of an eye-tracker ensured central fixation on 100% of trials. The accuracy data (see Figure S) Serial position 
Discussion
The findings of Experiment 4 were clear; stimuli presented to the left hemisphere showed a strong word-nonword effect, whereas the same stimuli presented to the right hemisphere showed no hint of this effect. This implies that performance with words was affected by processes of word recognition only when they were presented to the left hemisphere. However, words and nonwords showed the same serial-position curves in the LVF and RVF, indicating considerable similarity in processing orthographic information in each visual hemifield. As in Experiments 1-3, the serial-position data for each visual hemifield describe a broadly U-shaped function and provide no evidence of sequential left-to-right processing by either hemisphere. Indeed, the essentially identical curves produced by words and nonwords within and across visual hemificlds underscore the view that performance observed in this and previous experiments reported in this article was unaffected by influences of perceptual asymmetry. However, in contrast to these previous experiments (and particularly Experiments 1 and 3 where the same word items as Experiment 4 were used), overall performance was better for Position 2 than for Position 3. One reason for this slight shift in the serial-position data is that the inclusion of nonwords in Experiment 4 necessitated a slightly longer overall exposure duration than would have been required if words alone had been used, to maintain overall performance close to the goal level of accuracy (75%). This is borne out by the fact that the average exposure duration in Experiment 4 was 9 ms and 12 ms higher, respectively, than in Experiments 1 and 2 (the nonmasked displays of Experiment 3 do not provide a meaningful comparison between exposure durations). Individual differences between participants may account for some of this increase. However, it has been known for some time that serial-position curves can change as exposure durations increase (e.g., Merikle & Glick, 1976) . Thus, although the findings of all four experiments indicate that orthographic processing occurs in an outside-in fashion, the findings of Experiment 4 may reflect changing priorities assigned at subsequent stages in processing. Nevertheless, this possibility does not detract from the finding that, even at slightly extended exposure durations, essentially identical U-shaped patterns of serial-position report were observed for both visual hemifields in Experiment 4.
General Discussion
This article addressed two issues central to determining the relative perceptibility of words in the LVF and RVF and, in particular, the validity of the parallel-sequential distinction for explaining differences in hemifield performance. First, we assessed the fundamental validity of the notion that words enjoy a perceptual advantage when presented in the RVF, using procedures more stringent than previously applied in lateralized research; that is, the Reicher-Wheeler task coupled with stimulus manipulations to test the presence of overt and covert bias and an eye-tracking procedure to ensure central fixation on each trial. Second, we used these procedures to assess the validity of the parallel-sequential distinction by establishing the patterns of serial-position performance produced for each hemifield.
The first major point to emerge from the findings is that the RVF advantage for words previously reported for normal observers remains even under the stringent testing procedures adopted in our experiments. Thus, it seems that words presented to the left hemisphere really are processed more efficiently than words presented to the right, which adds weight to the notion that, for normal right-handed individuals, written word recognition is facilitated by processing within the left hemisphere. Moreover, it seems that this advantage for stimuli presented to the left hemisphere was available only for words; presentation to the right hemisphere produced similar levels of performance for words and nonwords, whereas presentation to the left hemisphere produced no change in nonword performance but a significant improvement in word performance, resulting in a word-nonword effect for RVF stimuli. One interpretation of the word-nonword effect observed with foveally presented stimuli is that performance with briefly presented words benefits from their ability to activate representations for words (e.g., Johnston & McClelland, 1980; McClelland & Rumelhart, 1981 Paap et al., 1982 ; see also Carr & Pollatsek, 1985) . In particular, activated word representations offer an additional source of stimulus information that may also feedback to lower levels of representation (e.g., for individual letters; Johnston & McClelland, 1980; McClelland & Rumelhart, 1981 Paap et al., 1982) . Thus, under brief presentation conditions, observers are more likely to "capture" information about the orthographic content of words than nonwords. Adopting this same logic, the pattern of effects we observed with lateralized displays suggests that effective access to visual word representations was available only for stimuli presented to the left hemispheres of the participants in our study. If we assume that briefly presented words are more likely to gain access to word representations when presented directly to a hemisphere in which these representations exist, the improved performance observed for words presented to the left hemisphere and the presence of a word-nonword effect only for stimuli presented to the left hemisphere suggests that only the left hemispheres of our participants contained a visual lexicon. This explanation is consistent with PET evidence suggesting a strongly lateralized left hemisphere lexicon in normal intact brains (e.g., Petersen, Fox, Snyder, & Raichle, 1990) . Petersen et al. (1990) found increased activation in extrastriate regions of the left hemi-sphere when participants read words relative to activation produced by random letter strings. Furthermore, these effects were not observed in the right hemisphere.
However, the precise role of word representations in the effects we observed is not fully resolved. For example, Petersen et al. (1990) found similar PET evidence of left hemisphere specialization for pronounceable nonwords (pseudowords) composed of familiar groups of letters (e.g., floop). Moreover, under foveal viewing conditions, pseudowords produce superior report accuracy over random letter strings (e.g., Baron & Thurston, 1973; Rumelhart & McClelland, 1982) and typically show only a small deficit in performance relative to words (e.g., Carr, Davidson, & Hawkins, 1978; Manelis, 1974; McClelland & Johnston, 1977; Spoehr & Smith, 1975) . Consequently, the improved performance observed for words presented to the left hemisphere and the presence of a word-nonword effect only for stimuli presented to the left hemisphere in our study may reflect better access to representations for letter groups rather than whole words (e.g., Ans, Carbonnel, & Valdois, 1998; Plaut, McClelland, Seidenberg & Patterson, 1996; Seidenberg & McClelland, 1989) . Future, fine-grained manipulations of the orthographic content of lateralized nonwords coupled with the testing procedures adopted in our experiments will help resolve this issue. For the moment, the essentially identical levels of accuracy and patterns of serialposition performance (of which more is said later) produced by nonwords in each visual hemifield indicate a similar process of letter identification is available for letter strings projected to either hemisphere.
The absence of even a slight word-nonword effect for LVF stimuli in our study suggests that words presented briefly to the right hemisphere were unable to make effective contact with any higher-order representations (i.e., for words or letter groups). This finding differs from that reported by Reuter-Lorenz and Baynes (1992) for J.W. who showed similar sized word-nonword effects for each visual hemifield. However, a number of factors should be considered when assessing this difference. First, the wordnonword effect reported by Reuter-Lorenz and Baynes for LVF stimuli was only marginally significant and required longer exposure durations than the highly significant word-nonword effect reported for RVF stimuli. Second, studies of callosotomized patients indicate a great deal of variability in the language functions represented in the right hemisphere (e.g., Gazzaniga, 1983; Sidtis, Volpe, Wilson, Rayport, & Gazzaniga, 1981) . Indeed, ReuterLorenz and Baynes (1992) suggested that not all right hemispheres will possess the representations underlying the word-nonword effect they observed. Consequently, J.W.'s right hemisphere lexicon may simply be unusual. Indeed, neither of J.W.'s hemispheres produced a pseudoword advantage over random letters strings, suggesting that neither hemisphere possessed basic processes of orthographic analysis evident in normal intact brains. Third, Reuter-Lorenz and Baynes (1992) merely instructed J.W. to fixate centrally throughout the experiment. We have already argued that instructions alone are insufficient to ensure central fixation (see also Jordan et al., 1998) , and this may have been exacerbated in the study by Reuter-Lorenz and Baynes (1992) where each visual hemifield was tested individually in blocks of 72 items. Occasional shifts toward LVF may have permitted some degree of access to left hemisphere processing and, in particular, to the left hemisphere lexicon.
The second major point to emerge from our findings is that, in contrast to previous explanations of hemifield differences in word recognition, the similar patterns of serial-position performance observed for each visual hemifield indicate that the RVF advantage for words and the word-nonword effect observed only for RVF stimuli do not reflect different modes of orthographic processing by the two hemispheres. Moreover, this similarity between the two hemifields was unaffected even when the precise pattern of serial-position performance varied across stimulus sets (e.g., Experiment 1 vs. Experiment 2 vs. Experiment 4) and display conditions (e.g., Experiment 3 vs. Experiment 4), indicating that the similar patterns of serial-position performance observed were not specific to one set of visual conditions. However, this pattern of serial-position performance does not map well onto a conventional parallel-sequential distinction between the two hemispheres. Rather, the U-shaped serial-position curves we obtained indicate that orthographic information is processed in parallel first from exterior letters and then from interior letters but sequentially with regard to the order in which all serial positions are ultimately processed (i.e., exterior letters are processed before interior letters). It is also worth noting that the serial-position curves we obtained for each hemifield are strikingly similar to those obtained previously with foveal displays (e.g., Butler et al., 1987; Campbell & Mewhort, 1980; Carr et al., 1976; Jordan & Bevan, 1994; Jordan & de Bruijn, 1993; Jordan et al., 1995; Merikle, 1974; Merikle & Coltheart, 1972; Merikle et al., 1971; Merikle & Glick, 1976; Mewhort & Campbell, 1978; Prinzmetal, 1992; Prinzmetal & Silvers, 1994; Rumelhart & McClelland, 1982) . This suggests that orthographic information in foveal letter strings can be processed by either hemisphere or, indeed, by both. Indeed, it is tempting to suggest that the W-shaped function reported for foveal displays of nonword letter strings subtending larger visual angles (typically between 3.4° and 10°, e.g., Butler & Merikle, 1973; Henderson & Park, 1973; Schwantes, 1978; Smith & Ramunas, 1971 ) provides a particularly clear indication of the dual U-shaped contributions made by the two hemispheres to performance on these tasks.
But at what level were the U-shaped patterns of serial-position performance observed for each hemifield actually produced? The similar patterns of serial-position performance observed with words and nonwords in Experiment 4 suggest that a U-shaped process of orthographic analysis operates at a relatively early level, before representations for words or letter groups are accessed. Indeed, explanations of the U-shaped curves observed with foveal displays draw heavily on the interplay between basic psychophysical properties of letter strings. For example, many researchers have argued that information from the exterior letters of strings is perceived more readily because of reduced lateral interference from neighboring characters (e.g., Estes, 1978; Estes, Allmeyer, & Reder, 1976; Haber & Standing, 1969; Hagenzieker, Van der Heijden, & Hagenaar, 1990; Van der Heijden, 1987 . Thus, effects of lateral interference in letter strings would be greatest for interior letters that are flanked by letters on both sides and least for exterior letters that are flanked by letters on one side only. Moreover, this reduced amount of lateral interference for exterior letters could more than offset a disadvantage because of a visual acuity gradient Van der Heijden, 1987 . Consequently, each hemisphere may adopt the same pattern for processing letter information, driven by psychophysical factors, which then forms the basis of orthographic analysis in each hemisphere. A pattern of orthographic analysis that is common to both hemispheres could facilitate appropriate interactions between the two hemispheres that may be beneficial when words move across our visual field and project onto different hemispheres at different points in time (e.g., when reading text). Moreover, common patterns of serial-position perception across hemifields could extend to a range of patterns of serial-position analysis. For example, at some point in processing, the relative perception of exterior and interior letters will change (see Discussion, Experiment 4) and identification of all letters will presumably reach asymptote (see Merikle & Glick, 1976) . Thus, although the same curves produced by the same exposure durations in both visual hemifields in our study provide a strong indication that both hemispheres are adopting the same procedures for processing orthographic information, a U-shaped serial-position curve is unlikely to describe the only pattern of serial-position analysis that takes place in each hemisphere during word recognition. We are currently investigating this issue.
